We investigate two-proton correlation functions for reactions in which fast dynamical and slow evaporative proton emission are both present. In such cases, the width of the correlation peak provides the most reliable information about the source size of the fast dynamical component. The maximum of the correlation function is sensitive to the relative yields from the slow and fast emission components. Numerically inverting the correlation function allows one to accurately disentangle fast dynamical from slow evaporative emission and extract details of the shape of the two-proton source.
Intensity interferometry, the investigation of two-particle correlation functions at small relative momenta, can provide important information about the space-time characteristics and underlying dynamics of particle emitting sources [1] [2] [3] [4] [5] [6] . At incident energies below the pion threshold, two-proton correlation functions [1, 4, 5, [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] have been the tool of choice for studying various equilibrium and non-equilibrium emission processes. Initial analyses of two-proton correlation functions in terms of instantaneous emission from sources with Gaussian density profiles have yielded source radii that strongly depend on the energy of the emitted particles [9, 12, 13, 21] , indirectly signaling the importance of lifetime, expansion, and/or cooling effects. Later comparisons of measured correlation functions to predictions of reaction models, assuming either slow evaporative emission [11, 12, 15] or fast emission according to BUU transport calculations [12, 13, [16] [17] [18] [19] 21] , have provided more quantitative understanding. In particular, some of the correlation functions measured for intermediateenergy nucleus-nucleus collisions have been quantitatively reproduced by BUU transport calculations in a number of cases [12, 13, 16] . Other data, primarily at higher incident energies [17] [18] [19] , indicated emission time scales significantly longer than predicted by BUU transport theory. This led to speculations [19] that proton emission consists of two major components involving significantly different time scales -a fast component consistent with BUU transport theory predictions and a slower component that might originate from the sequential decay of unstable nuclei produced in multifragmentation reactions [19] . Such scenarios may be rather common, with the decay of an equilibrated residue contributing to the slow component at incident energies below the multifragmentation threshold and the decay of excited fragments from multifragmentation processes contributing to the slow component at higher incident energies. When such slow components are present, quantitative comparisons to dynamical models are contingent upon a determination of the relative contributions of these fast and slow components [19] .
Up to now, correlation function analyses have focused upon obtaining a satisfactory description of the maximum of the correlation function and comparatively little attention was paid to its shape. Numerical inversion techniques have been recently developed [22] [23] [24] that provide the capability to analyze the shape of the correlation function and thereby extract much more detailed information about the particle emission mechanism. In this paper, we apply these techniques to analyze correlation functions for systems with strong admixtures of fast and slow emission components. Using general arguments, we show that the width of the correlation peak provides a clear measure of the source size for the fast component and that the height of the correlation peak provides the key information about the relative yields from the fast and slow emission components. We confirm these insights by a detailed re-analysis of the shapes of two-proton correlation functions that were measured previously for 14 N+ 197 Au collisions at E/A=75 MeV [12] and were described rather unsatisfactorily [12] by both BUU calculations and by zero-lifetime Gaussian sources.
Experimentally, the (angle-integrated) two-proton correlation function 1+R(q) is defined in terms of the two-particle coincidence yield Y 2 (p 1 , p 2 ) and the single particle yields
and
Here, p 1 and p 2 are the laboratory momenta of the two coincident particles, q = µ·v rel is the momentum of relative motion, and C is a normalization constant chosen such that R(q) = 0 for large q where final-state interaction effects are negligible. For a given experimental gating condition, the sums on each side of Eq. (1) extend over all particle energies and detector combinations corresponding to each bin of q.
Theoretical correlation functions are calculated from the angle-averaged Koonin-Pratt
where the source function S(r) is defined as the probability distribution for emitting a pair of protons with relative distance r at the time the second proton is emitted. The source function reflects both the spatial extent and lifetime relevant to single proton emission. An increase in the emission timescale broadens S(r), and for typical proton velocities v proton and timescales τ such that v proton · τ is comparable to or larger than r 0 , the complications of finite emission timescales need special consideration [1, 5, 10, 11, 14, 15, [20] [21] [22] [23] [24] [25] . function R(q) will reflect only the fast source and will be given by
where R f ast (q) denotes the correlation function when only fast emission is present. Equation (3) stipulates that the height of the correlation function peak, R(20MeV /c), is attenuated by the factor λ = f 2 ; thus, when fast and slow emission processes admix, the height of the correlation peak alone does not determine the source size. However by its very construction, any property solely derived from the shape of the correlation function for fast emission such as the width of the correlation peak, ∆q F W HM , will remain unaffected.
For simplicity, we assume that the fast component has a simple Gaussian profile, We now apply these ideas to the interpretation of two-proton correlation functions measured at θ lab ≈25 o for 14 N+ 197 Au collisions at E/A=75 MeV [12] . The points on the left panel of Fig. 3 show the correlation functions measured for proton pairs with three different cuts on their total momentum P tot = |p 1 + p 2 |, 270 MeV/c < P tot < 390 MeV/c (circular points), 450 MeV/c < P tot < 780 MeV/c (triangular points), and 840 MeV/c < P tot < 1230
MeV/c (square points). As observed for many other reactions [9, 12, 13, 18, 19, 21] , the height of the correlation peak increases with increasing P tot . Correlation functions for zero-lifetime Gaussian sources are shown as dot-dashed curves; the measured values of R(20MeV /c) can be reproduced by using strongly momentum dependent radius parameters r 0 = 5.9 fm, 4.2 fm, and 3.4 fm for the low, medium and high momentum gates, respectively, but the widths of the correlation function peaks cannot be reproduced by these calculations [12] .
Indeed, the widths of the measured correlation functions remain roughly constant at about ∆q F W HM ≈ 19 − 22 MeV/c, which implies nearly constant source radii according to Fig. 2 .
This inconsistency means that these strongly momentum-dependent radius parameters are incorrect.
A somewhat better description of this experimental data can be attained with the STCM by suitable choice of its free parameters (r 0 and λ in Eq. (3) and (4) [27] . However, we believe that accurate information from correlation functions when there are significant contributions from long-lived sources may be better obtained by avoiding apriori assumptions about the shape of the source.
We do this by numerically inverting the correlation functions to construct an image of the emission source as described in refs. [22] [23] [24] . Following ref. [24] , the emission sources S(r) for the protons were parameterized over 0 ≤ r ≤ 20 fm by six third-order b-spline polynomials, and the numerical inversion of Eq. (2) was achieved via the optimization algorithm of ref.
[ 23, 24] . The thick gray curves in Fig. 3 show the best fits to the experimental data with this imaging approach. The agreement is excellent.
The extracted source functions are shown in Fig. 4 . The widths of these curves represent the lower and upper limits defined by one-sigma error bars of the extracted source functions.
The uncertainties, small at r < 7 fm, become very large at r≥12 fm. Better data in the small momentum region (q < 10 MeV/c) of the correlation functions could provide improved constraints on the source at large radii where the source shape is mainly determined by the time scale of the slow emission component. Unfortunately, this part of the correlation function is difficult to measure and the precision of the data at q < 10 MeV/c is limited, as shown in the left panel of Fig. 3 .
The shapes of the imaged sources and their integrated values at r ≥12 fm provide clear evidence for a two-component structure consistent with the occurrence of emission on two very different time scales: a sharply localized central region that can be attributed to a fast emission component, and a tail region that can be attributed to a slow emission component.
The half-density radii from the radial source profiles, r 1/2 , and the yield ratio f from the central (r < 3·r 1/2 ) region of the imaged source distributions are given in Table I Whether the imaging techniques so useful for these analyses of two-proton correlations can be also useful for two-pion correlations is a subject for future investigations. 
